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Annomayun: OCOOEHHOCTBIO KaTyIIEK HWHIYKTUBHOCTH, KOTOpbIE M SIBJISIOTCA
UHAYKTUBHBIMM HakonurensMu sHepruu (MH), kak nNpueMHUKOB, Tak W HMCTOYHUKOB,
COIIACHO 3aKOHaM KOMMYTAIIWH, SIBJISETCS HEBO3MOXKHOCTh MTHOBEHHO M3MEHHUTH TOK 4YEpE3
UHAYKTUBHOCTb. JTO OOCTOATENBCTBO 3aTPYAHSET HEMOCPEACTBEHHOE TOIKIIOUEHHE
CBEPXIIPOBOJAIIMX MAarHUTOB K HCTOYHUKAM M NPUEMHUKAM DHEPrUU TPaJULMOHHOTO
ucnosHeHus. Heo6xoauMel criennanbHble CXEMbI BKIOUEHHUS.

HaubGonee  uenecooOpaszHbIM, TpeAcCTaBIseTCs  BapuaHT  3apsija  KaTyIIKu
MHAYKTUBHOCTH 4Yepe3 IMPOMEXYTOUHbIM KoHaeHcaTop (emkocTHOM Hakonurtens (EH)). B
ATOM cllydae 3apsii KaTyllKu OyJIeT MPOXOJAUTh MOATAIHO, IPUHUMAs XapaKTep UMITYJIbCHON
HAKa4yK{ DHEPTHUH.

B paGore mnoaTrBepkIeHa pPabOTOCIOCOOHOCTH CXEMBI IO3TAHOIO  3apsia
WHAYKTHBHOTI'O HAKOIIUTENSA Y€PE3 IPOMEKYTOUHBIM €MKOCTHOM HAaKOIIUTEIb.

OTmedeHo, 4YTO MakCUMaJbHOE 3HadeHHe Toka npu 3apsae EH Bospacraer c
YBEJIMYEHUEM BEJIMYMHBI EMKOCTH MPOMEKYTOYHOI'O HAKOMUTENS, a TAK)Ke, C YMEHBIIEHUEM
BEJIMYMHBI I10CIIEA0BATENBbHO BKIIOYeHHOW ¢ EH nHaykTHBHOCTH.

Knrouegvie cnoea: VHAYKTUBHBIN HAKOMHUTENb HHEPTUH, 3apsjl, MPOMEKYTOUHBIH
€MKOCTHOI HaKOIUTEIb, SKCIIEPUMEHTAJIbHBIE UCCIIEA0BaHUS.
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EXPERIMENTAL STUDIES OF CHARGE OF NON-SUPERCONDUCTIVE
MAGNETIC ENERGY STORAGE

Abstract: One of the urgent tasks of railway transport development connected with the
problem of power saving according to “The strategic directions of scientific and technical
development of OAO RZD for the period of up to 2015” is a wide use of power-intensive
energy storages in the main technological processes of power consumption and energy
generation.

Owing to the progress in the field of manufacturing high temperature superconductors
of the second generation, the use of superconducting magnetic energy storages (SMES) is the
most promising.

A feature of induction coils, which are inductive energy storage as receivers and
sources, according to the laws of commutation is inability to change current quickly through
induction. This makes difficult to connect superconducting magnet directly to energy sources
and receivers of traditional performance. This means that SMES require special charging
circuits.

The most viable is to charge coil via intermediate capacitor (capacitance storage (CS)).
In this case, coil charge will be on phased basis, taking character of pulse pump of energy.
The advantages of this modification are that energy source released from handling large,
slowly varying currents, resulting in possibility to flexibly adjust magnitude and duration of
coil charge depending on the required charging mode.

To verify that the scheme of charging inductive energy storage via intermediate
capacitor non-superconductive magnetic energy storage which, unlike superconductive has a
finite resistance, has been used.

The authors confirmed working capacity of charging scheme for inductive energy
storage via intermediate capacitor on phased basis.

It is noted that maximum current value during charge of CS increases with capacitance
value of the intermediate storage and with decreasing series included with CS inductance.

Keywords: inductive energy storage; charge; intermediate capacitor; experimental
studies.

BBeneHue

OCOOCHHOCTBIO  KaTyIIeK HMHAYKTHBHOCTH, KOTOpPBIE W  SBISIOTCS
WHIYKTUBHBIMHA HakomutTenassMu dSHepruu (MH), kak npueMHUKOB, Tak M
HWCTOYHMKOB, COTJIAaCHO 3aKOHAM KOMMYTAIlMM, SIBJISIETCSA HEBO3MOXKHOCTD
MTHOBEHHO M3MEHHUTh TOK 4Yepe3 MHAYKTUBHOCTh. OJTO OOCTOSATEIBCTBO
3aTPYJHSAET HEMOCPEICTBEHHOE MOAKIIOUEHUE CBEPXITPOBOMSIINX MArHUTOB K
UCTOYHUKAM W  TNPUEMHUKAM DHEPruM  TPAIUIMOHHOTO  HCIIOJHEHUS.
Heo0xoauMbl crieiualibHbIe cXeMbl BKiroueHus [1-13].
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Hauboinee nenecooOpa3HbiM, MPEACTABISETCS BapUaHT 3apsiaa KaTyIIKH
WHIYKTUBHOCTH Y€pe3 MPOMEKYTOUHBIN KOHAEHCATOP (EMKOCTHOM HAKOMUTENb
(EH)) [1, 2]. B aTom cayuae 3apsa KaTymikd OyAEeT MPOXOIWUTH MO3TAIHO,
MIPUHUMAs XapakTep HMITYJIbCHOM HaKadykyd SHepruu. lIpemmymiecTtBa Takoro
BapUaHTa COCTOSIT B TOM, YTO MCTOUHUKHU SHEPTUU OCBOOOXKIAETCS OT pabOTHI €
OOJBIIMMU, MEIJIECHHO MEHSIOUIMMUCS TOKaMH, B PE3YyJIbTaTe YEro IMOSBIAETCS
BO3MOXKHOCTh THOKO PEryJIMpOBaTh BEIMYUHY U JUTUTEIBHOCTD 3apsAia KaTyIIKH
B 3aBUCUMOCTH OT TpeOyEeMBIX PEKHMOB 3apsijia.

Jnst mpoBepku pabOTOCHOCOOHOCTHM CXEMbI 3aps/ia WHIYKTUBHOTO
HAKOIUTENS Yepe3 NPOMEKYTOUHBIM EMKOCTHOM HAKONMUTENb ObLUT UCIOJIb30BAH
HECBEPXIPOBOAHUKOBBI HHIYKTUBHBIA HAKONUTEIb SHEPIUM KOTOPBIA B
otnuyuu oT cBepxnpoBoaHukoBoro (CIIMH) obOnagaer KOHEYHBIM aKTHBHBIM
CONPOTHUBJICHUEM.

Oco0eHHOCTBIO PaboOThl CXeMbl ¢ MHAYKTUBHBIM Hakomnutenem (MH) B
oty oT cxembl co CIIMH sBnsercs 3HaYMTENbHBIE IOTEPU SHEPTUU
HakorieHHoM B MH Ha akTHBHOM CONPOTHBIIEHMHM, B MOMEHT J03apsnia
npomexxyrouHoro EH. Hanuuuwe noreps NpuBOAUT K TOMY, YTO B IIpoLecce
3apsna MH HacTtynaeT Takoi yCTaHOBUBUIECICS PEXKHUM, IPU KOTOPOM 3HEPTHS,
noyiyueHHasi ot npomexxyrounoro EH npu onHoM mukie paspsina, Oyaer paBHa
DHEPIUM PACCEUBAIOLIENCA HA aKTUBHOM comnpoTtusiieHnn MH 3a Bpems omHOro
nuKkia 3apsnaa npomexyrouHoro EH. BceneactBue storo 3apsgy WH Oyaer
IIPOUCXOJIUTH /10 3HAUYECHHSI CPEJTHETO TOKA, 00YCIOBIEHHOI0 OaJIaHCOM SHEPIHH
oTHaBaeMor OT npomexyrouHoro EH m sHeprum paccemBaeMOl Ha aKTMBHOM
conpotusiieHun MH.

[IpyHIMNIManbHAs CXE€Ma SKCIIEPUMEHTAIBHOM YCTAaHOBKH ITPEACTABIICHA
Ha puc.l.

Zk ] S

— —

ZSZSZF

Puc.1. IlpuanunuanpHas cxema 3apsaHoro mpeoopa3oBaTest
128



AKCNepuMeHT

DKCnepruMEeHTAIbHAST YCTAHOBKA COCTOUT W3: Tpex(a3HOTro CHHXPOHHOTO
regepatopa CI' TIHT-45, TtpexdazHOro HEynmpaBlIeMOTO BBIIPSIMHUTEIS,
coopanHoro Ha muomax VD1-VD6 tunma BY2-160-10, TOKOOTpaHUYUBAOIIETO
peakTopa (MHAYKTUBHOCTBIO L7p W aKkTUBHBIM compoTuBieHHEM Rpp),
MPOMEKYTOUHOTO eMKocTHoro Hakomnutenss EH (emxocthio Cpy M aKTHUBHBIM
CONMPOTUBJIECHUEM Rpy), MHAYKTUBHOTO HAKONMUTENS (MHIYKTUBHOCTBIO L,y M
aKTHUBHBIM COIpOTUBJIeHHEeM Ryy), muoma VD7, He nomyckaromiero paspsia
WHIYKTUBHOTO Hakomurtenss Ha npomexyrounbii EH, mwoma VDS,
oOecreunBaoIIero KOHTyp nporekanus Toka MH nipu 3apsiae npomMexxyTo4HOro
EH u nmonynpoBogHMKOBBIX Kitoued K/ u K2, yCIIOBHO TpPEACTABICHHBIX Ha
PUCYHKE 3aMbIKAIOIIUMHU KOHTAKTaAMH.

[IpeoOpazoBarenb JaBajl BO3MOXKHOCTh H3MEHEHHSI HWHAYKTUBHOCTH
TOKOOTpaHUYMBawIIero peakropa Lz B mpenmemax 0,1 — 0,4 I'n, 3a cuer
M3MEHEHHUS MOJIOKEHUS CEpJICUHNKA, U €MKOCTH MPOMEXKYTOUYHOTO €MKOCTHOI'O
Hakorutenss Cpy B mpemenax 100 — 800 mx®d, myTem mapaienbHOTO
BKJIIOUEHUS] KOHAeHcaTopoB. IlomympoBonnukoBeie kmwoun K/ u K2 Oblin
M3TOTOBJIEHBI Ha OCHOBE OWMOJIIpHBIX TpaH3uctopoB BUS08. VYmpanenwue
KJIFOYaMU OCYIIECTBIISUIOCh OT MEepCOHaIbHOro KoMmibioTepa yepes COM mopt
IpY MTOMOIIM MPOrpaMMBbl, HarmcaHHo# B cpene Turbo Pascal. Kiroun K71 u K2
OBLIIM PACIIOJIOAKEHBI B TOUKE CXEMbI C HU3KUM MOTEHIIUATIOM JUISI YMEHBIICHUS
BEPOSITHOCTH BBIXOJA W3 CTPOS TOJYMPOBOJHUKOBBIX MPHUOOPOB MO MPUYHUHE
po00s N3-3a BO3HUKAIOIINX NEPeHANPSHKEHU TP KOMMYTAITUH.

Meronuka MIPOBEACHUS AKCHEPUMEHTAILHOTO HCCIIETOBAHUS
npeaycMaTpuBaa;

1. Omnpenenenue napamMeTpoB UHAYKTUBHOTO HAKOTTUTEIIS.

2. OmnpeneneHve BETUYMHBI HAYAJIBHOTO OpOCKa TOKa TIpH 3apsje
MPOMEKYTOUYHOT'O €MKOCTHOTO HAKOMUTENSI B 3aBUCUMOCTH OT: UHAYKTUBHOCTH
TOKOOTPAHUYHMBAIOIIETO PeakTopa U OT EMKOCTH MPOMEKYTOYHOTO €MKOCTHOTO
HAaKOMUTENS, MPU HEU3MEHHOM HANPSOKEHUUM Ha BbIXOJE TpexdazHoro
BBITIPSIMUTEIS.

3. OcuumiorpagupoBaHre KpPUBBIX TOKOB W  HANpsDKEHWM  Ha
MPOMEKYTOYHOM €MKOCTHOM HAKOMUTENE W HHIYKTHUBHOM HAKOMUTENE MpH
3apsiie UHAYKTUBHOTO HAKOMUTES.

[TapameTpbl MHAYKTUBHOTO M €MKOCTHOT'O HAKOMUTEJEH ONPENeIsIiCh
U3MEPUTEIBLHBIM MOCTOM MEPEMEHHOro ToKa. s CHATUS 3aBUCHUMOCTH
HAa4aJIbHOTO Opocka TOKa MTpU 3apsfie MPOMEKYTOUYHOTO HAKOMUTEIS OT
OCHOBHBIX MapaMeTpoB MpeoOpaszoBaTeiss W OcHUUIorpadUpOBaHUST KPUBBIX
NPUMEHSJICS ~ KOMIUICGKT BHPTYaJIBHBIX  KOMITBIOTEPHBIX  HM3MEPHUTEIIBHBIX

npudopos NI ELVIS.
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B pe3ynbTaTe s3KcriepuMeHTaNbHBIX UCCIIEI0BAHUN MTOTYYEHBI:
— OCHWJIJIOTPAMMbI TOKOB Y HANPSHKEHUN HA IPOMEKYTOYHOM EMKOCTHOM
HAKOIUTEJIE M HWHAYKTUBHOM HAKOIMUTEJE TMpU 3apsie HHIAYKTUBHOTO

HAKOIUTENS 10 YCTAaHOBUBIIETOCs pexxkuma (puc. 2, 3);
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— 3aBUCHMOCTH HAYaJbHOTO OpPOCKa TOKA MPH 3apsifie MPOMEKYTOYHOTO
EH oT BeTMUUHBI MHIYKTUBHOCTH TOKOOTPAHUYMBAIOIIETO PEAKTOPA U EMKOCTH
npomexytounoro EH, mpu HeM3MeHHOM HaNpsDKEHUU Ha BBIXOJE TPeX(a3HOTo
BeIIpsiMuUTeNs (puc. 4, 5).
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Puc.4. 3aBucumocTts HauaapbHOrO OpOCKa TOKA Mpu 3apsae npomexyrounoro EH ot
MHAYKTUBHOCTH TOKOOTPAHUYMBAIOILETO peakTopa
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BbiBoAabl

1. B paboTe »KCHEpUMEHTAIBbHO IMOATBEPXKIAEHA PadOTOCIIOCOOHOCTH
CXEMBI MOATAMHOTO 3aps/ia UHAYKTUBHOTO HAKOMUTEIS Yepe3 MPOMEKYTOUHBIN
€MKOCTHOI HAKOIUTEJIb.

2. OTMeueHO, 4YTO MaKCHMAaJIbHOE€ 3HaueHWe Toka mnpu 3apsae EH
BO3PACTAET C YBEJIMUYEHUEM BEIIMUYUHBI EMKOCTH MPOMEKYTOUHOTO HAKOIUTEIIS,
a TAaKXe, C YMCHBIICHUEM BEIMYMHBI MOCIEI0BAaTENbHO BKIOUeHHOM ¢ EH
VHIYKTUBHOCTH.
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